The US Department of Health and Human Services and other national agencies recommend a daily fibre intake between 20 and 30 g. This recommendation is based on several prospective cohort studies that have consistently shown that high consumption of fibre is associated with lower risk of stroke, CHD (1, 2) and cardiovascular mortality (3) . Moreover, in clinical trials and epidemiological studies, dietary fibre (DF) has been related to a lower incidence of type 2 diabetes (T2D) (4) , obesity (5) , dyslipaemia (6) , high blood pressure (7, 8) and other surrogate markers of clinical atherosclerosis (9) . Fruits, vegetables, legumes and grains are the main sources of DF, but some investigators have suggested that fibre content is not the only reason for the above-mentioned preventive effects of these foods. Alternatively, the different components in their natural matrix may play a more important role than fibre per se. This possibility raises the interest in assessing the role of fibre-rich foods and not only of total DF intake. Although several cohort studies have shown inconsistent results for the association of fruit and vegetable consumption with stroke, Dauchet et al. (10) found an inverse association between fruits or the sum of fruits and vegetables and the risk of stroke, but not between vegetable consumption and the risk of stroke in a meta-analysis published in 2005. In another meta-analysis published 1 year later, He et al. (11) found an inverse association between fruit or vegetable consumption and the risk of stroke. On the other hand, Dauchet et al. (2) published another meta-analysis (including seven cohorts from USA and two from Finland), assessing the association between fruit and vegetable consumption and CHD. According to this latter meta-analysis, the risk of CHD decreased by 4 % for each additional daily serving of fruits and vegetables and by 7 % for fruit consumption (FC), but the funnel plot suggested a potential publication bias. In the European Prospective Investigation into Cancer and Nutrition (EPIC) study, Crowe et al. (12) observed that a higher consumption of fruits and vegetables was associated with a reduced risk of ischaemic heart disease mortality.
The available prospective studies, especially those with the largest sample size, included in the aforementioned studies and other meta-analyses (13, 14) , were mostly conducted in highly selected subjects -that is, in healthy and well-educated participants with a low cardiovascular risk. Usually, participants at high cardiovascular risk at baseline, such as those with T2D or dyslipidaemia (1) , were explicitly excluded, because they could have changed their dietary habits. Nevertheless, we thought it would be interesting to assess the health effects of fibre, fruit and vegetable consumption, especially among these patients, because they are at high cardiovascular risk.
To our knowledge, no prospective study has assessed the association between fibre intake or fibre-rich food consumption and the risk of CVD in a cohort entirely composed of subjects at moderate-to-high cardiovascular risk. On the other hand, prospective studies on this issue have often been limited to a single baseline assessment of diet without repeated measurements during follow-up. To our knowledge, no previous study has included yearly repeated measurements of diet to account for changes in the diets of participants during follow-up. This is an important methodological aspect frequently absent in studies of nutritional epidemiology, because the use of repeated measurements of diet allows to capture longer-term variation in diets and improves the validity estimates of FFQ (15) . Therefore, the need for updating the information on dietary habits using repeated FFQ has been advocated, because the use of a single measurement of dietary data at baseline may lead to an increased measurement error and to an unrealistic assumption about the induction period, and thus to a potential attenuation of the true association (16, 17) . It is also possible that the cumulative averages, which reflect long-term diet, are more relevant aetiologically than either the most remote (baseline) or the most recent diets. Therefore, in the present study, we used repeated measurements of intake to investigate the association of fibre, fruit, vegetable and whole-grain consumption with CVD in a Mediterranean cohort of elderly adults at high cardiovascular risk.
Methods
The present study was conducted within the framework of the PREvención con DIeta MEDiterránea (PREDIMED) trial, the design of which has been described in detail elsewhere (18, 19) .
The PREDIMED study is a large, parallel-group, multicentre, randomised, controlled field clinical trial that aims to assess the effects of the Mediterranean diet on the primary prevention of CVD (www.predimed.es). ) and family history of premature CVD (≤55 years in men and ≤60 years in women). Exclusion criteria for the PREDIMED study were the presence of any severe chronic illness, previous history of CVD, alcohol or drug abuse, BMI ≥ 40 kg/m 2 and history of allergy or intolerance to olive oil or nuts. The intervention took place in eleven different centres around Spain. At baseline examination and yearly at follow-up visits, trained personnel performed anthropometric and blood pressure measurements and obtained samples of fasting blood.
Dietary assessment
Dietary intake was measured using a validated 137-item FFQ, repeatedly administered by trained dietitians every year in a face-to-face interview. Our published validation study indicated an adequate correlation between the information collected using the FFQ and the information collected using four 3-d dietary records. The correlation coefficients were 0·66 for fibre intake, 0·72 for FC and 0·81 for vegetable consumption (20) . The reproducibility of the FFQ was also appropriate, as we have previously reported in a specific publication (21) . The frequencies of consumption of the food items were reported on an incremental scale with nine categories (never or almost never, one to three times per month, once per week, two to four times per week, five to six times per week, once per day, two to three times per day, four to six and >6 times per day). We included thirteen vegetable items (a serving or 200 g of chard/spinach, cabbage/cauliflower, lettuce/chicory, tomato, carrot/pumpkin, zucchini/cucumber, pepper, asparagus, onion, mushrooms, thistle/leek, beans and 'gazpacho'), ten fruit items (a piece of orange/tangerine/grapefruit, apple/pear, banana, peach/apricot/nectarine, melon, watermelon, strawberries, cherries/prune, kiwi and grapes) and three whole-grain products (bread, breakfast cereals and biscuits). Nutrient intakes were computed using a Spanish food composition database (22) .
Primary end point
The primary end point was the same as that in the final results of the PREDIMED trial. This CVD primary end point is a composite of cardiovascular death, myocardial infarction (MI) and stroke. Incident events were identified through four information sources: repeated contacts with the participants or their family, contacts with the participants' family physicians, a comprehensive yearly review of medical records of all participants by a team of medical doctors who were blinded to group allocation and nutrient information and yearly consultation of the National Death Index. 
Statistical analysis
Participants were categorised into quintiles of consumption for each of the assessed foods. We used the residual method to adjust DF, fruit, vegetable and whole-grain consumption for total energy intake (23) . We excluded participants with total energy intake out of pre-defined limits (3347·2 and 16 736 kJ/d (800 and 4000 kcal/d) for men and 2092 and 14 644 kJ/d (500 and 3500 kcal/d) for women).
Baseline characteristics are presented according to quintiles of baseline consumption of fruits and of vegetables, as means and standard deviations for quantitative traits and as numbers and percentages for categorical variables.
Cox's regression models were used to assess the relationship between quintiles of baseline fibre, fruit, vegetable and whole-grain consumption, and the subsequent incidence of CVD during follow-up. Hazard ratios (HR) and their 95 % CI were calculated using the first quintile as the reference category. Entry time was defined as the date at recruitment. Exit time was defined as the primary end point's date, the date of completion of the last interview or date of death, whichever occurred first.
To minimise any effects of variation in diet, we also calculated the average food consumption for each food group or food item using yearly updated information for each participant from the repeated FFQ collected at baseline and during follow-up after up to 8 years.
Multivariate models were adjusted for known or suspected predictors of CVD. First, we adjusted only for age and sex. In model 2, additional adjustments for smoking status (current or former smokers and never smokers), T2D at baseline (dichotomous), baseline systolic blood pressure (mmHg) and diastolic blood pressure (mmHg), waist:height ratio, educational level (up to primary school, university graduate or others), use of statins (yes or no), dyslipidaemia at baseline, total energy intake (kJ/d (kcal/d)), physical activity (metabolic equivalent task-min/d), alcohol intake (g/d) and family history of early MI (defined as infarction before age 65 years for a participant's mother or before age 55 years for a participant's father) and intervention group were carried out and we stratified by recruitment centre. We also fitted model 3 with additional adjustment for extra-virgin olive oil consumption (g/d) and vegetable (g/d) and whole-grain (g/d) consumption in the analysis of FC, and/or fruit (g/d) and whole-grain (g/d) consumption in analyses that assessed vegetable consumption, and/or vegetable (g/d) and fruit (g/d) consumption in analyses of whole-grain consumption.
To test for linear trends across successive quintiles, we created a continuous variable with the median value in each quintile of consumption and regressed the risk of CVD on this variable (which was treated as a continuous variable).
We also estimated the average of all the repeated measures of intake during follow-up, and participants were categorised into quintiles according to their cumulative average of fibre, fruit, vegetable and whole-grain consumption. Cox's regression models with time-varying exposures were used to assess the relationship between quintiles of each nutritional exposure and the composite end point, after adjusting for the same variables mentioned above.
Finally, we categorised the variables fruits and vegetables into servings per day instead of using quintiles. We defined a serving as 80 g of fruits or vegetables (24) , and classified our participants according to the recommended intakes. We created a new variable with the sum of daily servings of fruits and vegetables, and we assessed the association between this variable and the incidence of CVD using the same Cox's regression model.
In addition, we analysed specific subgroups of fruits and vegetables. The definition of composite groups was based on a report by Joshipura et al. (25) and adapted to our FFQ and to the usual habits of the Spanish population. The fruits and vegetables in each subgroup are presented in Table 1 .
Finally, we performed restricted cubic spline analyses to assess a non-linear component in the association between fibre intake or vegetable, fruit or whole-grain consumption and CVD.
Statistical tests were two-sided, and P values <0·05 were considered to be statistically significant.
Statistical analyses were performed using STATA software, version SE 11 (College Station, 2009).
Results
We recruited 7447 participants in the PREDIMED trial. For the present analyses, we excluded subjects who were outside of the pre-defined limits for total energy intake (n 153) and those who had missing values in baseline intake (n 78). Therefore, the final sample comprised 7216 participants.
The median follow-up period was 6 years (mean = 5·8 years). We observed 342 confirmed cases of CVD during this extended follow-up period: 118 cases of acute MI, 169 of stroke and 104 cardiovascular deaths (participants could have more than one event). Table 2 presents the characteristics of the study population according to categories of baseline FC. Participants in the highest quintile were older, more likely to use statin medication, to be former smokers and also to be physically more active. On the other hand, FC was positively related to carbohydrate, protein and fibre intakes and to whole-grain and vegetable consumption, but inversely associated with total energy, total fat, SFA, MUFA, PUFA and alcohol intakes.
The main characteristics of the participants categorised according to their vegetable consumption are displayed in Table 3 . Subjects with a lower consumption were older, had higher systolic and diastolic blood pressure values and were less physically active and more likely to be current smokers. These participants also had the lowest protein and fibre intakes and the lowest fruit and whole-grain consumption. Table 4 shows the association of fibre intake and fruit, vegetable or whole-grain consumption at baseline with the incidence of CVD. We observed that a higher consumption of fibre, fruits and vegetables at baseline was associated with a lower risk of developing CVD in the age-and sex-adjusted model. However, only the estimate for the fifth v. the first quintile of vegetable consumption remained significant after adjusting for further potential confounders: HR 0·67 (95 % CI 0·46, 0·97; P for trend = 0·050).
The HR for the incidence of CVD according to the cumulative average of each dietary variable are shown in Table 5 . We found almost the same results for fibre intake and FC during follow-up: a higher consumption was inversely associated with the risk of CVD in the age-and sex-adjusted model. This association persisted but slightly lost its significance after further adjustments. Regarding vegetable and whole-grain cumulative consumption, the comparison between extreme quintiles showed a decreased risk of CVD among those subjects with a higher cumulative consumption. Nevertheless, these associations were not statistically significant and there was no apparent significant linear trend for them.
We did not find any association between whole-grain consumption and CVD in either the baseline or the cumulative analysis.
When we stratified our analyses by intervention group, we found a strong inverse association between the cumulative average of FC and CVD only in the Mediterranean diet group supplemented with extra-virgin olive oil (HR for the fifth quintile v. the first quintile 0·48; 95 % CI 0·27, 0·86; P = 0·025).
During follow-up, we found a higher average fruit and vegetable consumption compared with baseline, with median values for the first quintile increasing from 153 to 203 g/d for FC and from 178 to 205 g/d for vegetable consumption.
When we analysed the consumption of food groups as servings/d, the linear inverse association between fruit or Fibre intake and CVDvegetable consumption and CVD was not significant, although it approached the conventional limit of statistical significance for FC (P for trend = 0·07 for fruits and P = 0·27 for vegetables). The lowest risk of CVD was associated with the consumption of five to seven servings per d of fruits (HR 0·73; 95 % CI 0·51, 1·04) or five servings per d of vegetables (HR 0·63; 95 % CI 0·42, 0·97) (Fig. 1) . When we added up the daily-consumed servings of both fruits and vegetables, the linear dose-response inverse association between fruit plus vegetable consumption and CVD was clearly significant (P for trend 0·005). The participants who consumed in total nine or more servings/d of fruits plus vegetables had a HR 0·60 (95 % CI 0·40, 0·96) of CVD in comparison with those consuming <5 servings/d. Higher intakes of cruciferous vegetables (HR 0·62 (95 % CI 0·42, 0·90)) were associated with a lower CVD risk in the baseline analysis (fifth v. first quintile HR 0·62 (95 % CI 0·42, 0·90)) and in the cumulative analysis (fifth v. first quintile HR 0·64 (95 % CI 0·42, 0·97)). Green leafy vegetables reached statistical association only in the baseline analysis (fifth v. first quintile HR 0·65 (95 % CI 0·47, 0·91)) and apple intake only in the cumulative analysis (fifth v. first quintile HR 0·48 (95 % CI 0·31, 0·74)). These results are shown in Table 6 .
Finally, no non-linear component of the spline analyses for fibre intake or vegetable, fruit or whole-grain consumption and CVD was statistically significant.
Discussion
To the best of our knowledge, our study is the first prospective study that has evaluated the association of fibre, fruit, vegetable and whole-grains consumption with CVD among elderly adults at high cardiovascular risk using repeated measurements of dietary information. We observed that higher baseline vegetable consumption (fifth quintile v. first quintile) was associated with a statistically significant reduction in CVD risk (HR 0·67 (95 % CI 0·46, 0·97); P for trend = 0·05) after adjusting for the main potential confounders. As far as fibre intake and fruit and whole-grain consumption are concerned, all comparisons between extreme categories suggested a protective association but the results were no longer statistically significant in our multivariable analyses. In the cumulative analyses using repeated measurements of diet, we again observed inversed associations between extreme categories for CVD but the differences were not statistically significant in the fully adjusted models. The inverse 
MET, metabolic equivalent task. * Adjusted for total energy intake by the residual method. † BMI was calculated as weight in kilograms divided by the square of height in metres.
association between FC and CVD was stronger and statistically significant in the group randomly assigned to the Mediterranean diet supplemented with extra-virgin olive oil. Thus, FC may exert its beneficial effect, especially when consumed within the frame of a Mediterranean diet with a very high consumption of extra-virgin olive oil. The risk of CVD appeared to decrease with a consumption of five servings/d (400 g/d) of fruits or vegetables, and higher intakes did not appear to provide additional protection. However, when we considered fruit and vegetable consumption together, we found a clear inverse linear trend. Fruit and vegetable consumption combined at levels beyond five servings/d was associated with a slight and non-statistically significant decreased risk for CVD, and further increments in consumption (≥9 servings/d or ≥720 g/d) showed statistically significant risk reductions.
Our results have to be interpreted in the frame of an intervention trial where participants were encouraged to have a sufficiently high consumption of fruits and vegetables. As fruit and vegetable consumption were higher in the intervention groups during the follow-up compared with the control group (19) , our results may be partially driven by the intervention effect.
Our findings are consistent with those of other studies: four meta-analysis conducted by He et al. (11) , Dauchet et al. (2, 10) Joshipura et al. (25) and more recently by Hu et al. (26) found an inverse association between fruit and vegetable consumption and the risk of stroke or CHD, but almost none of the individual studies alone reached statistical significance. In addition, most of the included studies had been conducted in North America, in the north of Europe or in Asia, but in Mediterranean populations only the EPIC study (that included Mediterranean populations) has analysed fatal CVD (27) . This latter study found an inverse association between vegetable or vegetable and FC and fatal CVD, but not for FC alone. On the other hand, Eshak et al. (28) found in a Japanese population an inverse association between intakes of fruit fibre but not with vegetable fibre and risk of CHD mortality. Finally, compared with our study participants, the participants in previous studies were in general younger and had a lower cardiovascular risk. Crowe et al. (12) found in the EPIC study a HR of 0·78 (95 % CI 0·67, 0·91) for cardiovascular mortality for a consumption of five to seven servings per d of fruits and vegetables. A recent study (29) assessed the relationship between fruit and vegetable consumption and CVD according to their servings in the Nurses' Health Study and the Health Professional Follow-Up study, and found similar MET, metabolic equivalent task. * Adjusted for total energy intake by the residual method. † BMI was calculated as weight in kilograms divided by the square of height in metres.
Fibre intake and CVDresults with a statistically significant HR of 0·84 (95 % CI 0·77, 0·91) for four servings/d and 0·80 (95 % CI 0·72, 0·90) for nine or more servings/d. Therefore, a smaller fruit and vegetable consumption was enough to show a significant association. The large sample size (123 276 participants), the long follow-up period (>22 years) and the participant characteristics in these cohorts (younger age, conscious and responsible healthcare professionals, without T2D) could contribute to explain the slight differences between their findings and our results. Our participants were older subjects at high cardiovascular risk and roughly half of them had T2D. Thus, a higher level of fruit and vegetable consumption might be necessary to achieve the same degree of protection in a higher-risk population. Another difference between our study and previous reports is the higher average fruit and vegetable consumption in our participants, which represents the typical amount of fruits and vegetables consumed in previous studies conducted in the Mediterranean area (30) (31) (32) . Nevertheless, our FFQ had the same items for fruits compared with the Nurses and the Health Professionals Study, but fewer items for vegetables.
A higher consumption of whole grains did not have any association with the risk of CVD in our cohort in either the baseline or the cumulative analysis. This can be probably explained by the low average consumption of whole-grain products (mean 29·9 g/d, median 5·06g/d) and the small between-subjects variability in consumption in our participants. Moreover, in our study, brown bread (wheat whole-grain bread) was the principal whole-grain product consumed, and in our country whole-grain bread is almost always made from wheat and not from other cereals. Studies on the cardiovascular effects of whole-grain wheat bread are scarce. Helnaes et al. assessed in a Scandinavian cohort the association of total whole grain and whole-grain species (wheat, rye and oats) with the risk of MI. When the specific cereal species were considered, rye and oats, but not wheat, were associated with lower risk of MI (33) . As far as we know, no other studies have assessed the association between different species of whole grains and CVD. As far as intermediate cardiovascular markers are concerned, a recent meta-analysis failed to find a statistically significant association between whole-grain wheat consumption and blood cholesterol concentrations (34) . Ref.
, referent values. * Statistically significant. † Adjusted for age (years), sex, smoking status (current smokers or former and never smoked), type 2 diabetes at baseline (yes or no), waist:height ratio (continuous variable), baseline systolic (mmHg) and diastolic arterial blood pressure (mmHg), intervention group, use of statins (yes or no), alcohol intake (g/d), educational level (elementary school, high school and university), physical activity (metabolic), total energy intake (kJ/d (kcal/d)), family history of premature CHD (yes or no) and dyslipidaemia at baseline (yes or no), stratified by intervention centre. ‡ Additionally adjusted for vegetable intake (g/d), whole-grain consumption (g/d) and extra-virgin olive oil intake (g/d). § Additionally adjusted for fruit intake (g/d), whole-grain consumption (g/d) and extra-virgin olive oil intake (g/d). || Additionally adjusted for fruit consumption (g/d), vegetable consumption (g/d) and extra-virgin olive oil intake (g/d). Fibre intake and CVDMost of the previous studies conducted their analyses using only one dietary assessment of diet at baseline, whereas we updated the information yearly using the FFQ from baseline to the censoring event. Some investigators (15) (16) (17) have postulated that the cumulative average of nutrient intake better represents the long-term integration of dietary exposures, and thus helps minimise undue effects of within-person variations. Moreover, changes in diet over time may confound the diet-disease association (35) . Nevertheless, we are aware that this model may likely underestimate the magnitude of the inverse association between nutrient intake and CVD (16) . Unlike other authors, we did not stop updating the dietary information after an intermediate outcome occurred because our participants had risk factors before study entry (e.g. dyslipidaemia, hypertension and T2D). In addition, we * Adjusted for age (years), sex, smoking status (current smokers or former and never smoked), type 2 diabetes at baseline (yes or no), waist:height ratio (continuous variable), baseline systolic (mmHg) and diastolic arterial blood pressure (mmHg), intervention group, use of statins (yes or no), alcohol intake (g/d), educational level (elementary school, high school and university), physical activity (metabolic), total energy intake (kJ/d (kcal/d)), family history of premature CHD (yes or no) and dyslipidaemia at baseline (yes or no), stratified by intervention centre.
assumed that nutrient intakes before and after the identification of cardiovascular risk factors were equally important regarding CVD. Various studies have assessed the association between various fruits or subgroups of fruits with CVD with heterogeneous results (29, (36) (37) (38) . We found an inverse association between cruciferous vegetable consumption and CVD in the baseline analysis and in the cumulative analysis. We also observed a significant trend between apple and pear consumption and CVD, but only the highest cumulative consumption seemed to be inversely associated with CVD risk. Our participants increased their consumption of these fruits during follow-up, and the median of the fifth quintile became higher (265 v. 165 g/d). On the other hand, we found an inverse association between green leafy vegetables and CVD only in the baseline analysis. As the participants in the first quintile increased their consumption, we might not have had a wide enough range to appraise the association. Other authors have found different associations between some individual foods or food groups of fruits or vegetables and CVD (26, 29, 39) , although evidence is inconsistent (36, 37) . The inverse association has mostly been observed for green leafy vegetables in the literature (26, 29) . Thus, the association between subtypes of fruits and vegetables remains unclear.
The mechanisms behind the protective effect of fruit and vegetables on CVD are unclear but there is some biological basis to explain this association. Fruits and vegetables are rich sources of fibre and also antioxidants (vitamin C, Mn, β-carotene and flavonoids), K, folate and others phytochemicals. All of them could play an important role in the atherosclerosis process; they have been shown in randomised clinical trials to be associated with a reduced risk of intermediate indicators (high blood pressure (40) (41) (42) , carbohydrate metabolism (43) , oxidised LDL (44) (45) (46) , plasma C-reactive protein (47) and vascular function (48) ). Moreover, there are cohort studies that have inversely associated fruit and vegetable consumption with blood pressure (49, 50) , dyslipaemia (51) , weight loss (52) and T2D (53) , but randomised clinical trials are scarce (54) . Possibly, the combined or even synergistic effects of different bioactive components in their natural food matrix may be important in the prevention of CVD (55) . We are aware that the present study has the following limitations. First, although the used self-reported FFQ was validated (20, 21) , this method for dietary assessment may lead to some measurement errors and misclassification bias. However, the FFQ used has been extensively validated in Spain for dietary assessment, and the cumulative average estimate of consumptions may be more representative of long-term diet than a one-time assessment. Moreover, a dietitian checked the FFQ with the participant to ensure that there were no missing data. Second, even though we have adjusted for a wide range of cardiovascular risk factors, residual confounding may still explain part of the observed associations. Third, our participants have had an intervention to increase their fruit and vegetable consumption. Finally, the generalisability of our study results may be limited, because the studied population was composed of Mediterranean elderly individuals at high cardiovascular risk. However, the findings from our study are broadly consistent with those from other populations.
The strengths of our study are its prospective design, the large sample size, excellent completion rates, its good compliance, the use of cumulative dietary exposures during follow-up, the homogeneity of the participants and the wide adjustment for potential confounders.
In summary, this study provides further evidence for the inverse association of fruit and vegetable consumption with CVD in an elderly Mediterranean population at high cardiovascular risk. Our results suggest that people at high cardiovascular risk may need to eat more of both fruits and vegetables (more than nine servings per d) compared with people at moderate or low cardiovascular risk.
